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(57)Abstract: 

PROBLEM TO BE SOLVED: To form a homogeneous 
silicide layer that less produces a defect such as a 
junction leak. 

SOLUTION: A method for. manufacturing a 
semiconductor device includes a preheating step of 
heating the surface of a silicon layer during formation of 
a metal film, when the metal film is formed on the silicon 
layer and then the silicon layer is heated to make the 
metal film react with the silicon layer and to form the 
silicide layer on the silicon layer. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the semiconductor device which performs 1st heating, 
carries out the laminating of the metal membrane in the condition, performs 2nd heating on the 
front face of a silicon layer, and is subsequently characterized by the thing of a silicon layer for 
which a surface layer is silicide-ized at least on it. 

[Claim 2] The manufacture approach of a semiconductor device according to claim 1 that 
whenever [ stoving temperature / of ** a 1 st ] is 300-400 degrees C. 
[Claim 3] The manufacture approach of a semiconductor device according to claim 1 that 
whenever [ stoving temperature / of ** a 2nd ] is 500-900 degrees C. 

[Claim 4] The manufacture approach of the semiconductor device any one publication of three 
from claim 1 which forms the antioxidizing film on the surface of a metal membrane, and 
subsequently performs 2nd heating where the temperature of the front face of a silicon layer is 
once dropped from whenever [ stoving temperature / of ** a 1st ] after a metal membrane is 
formed. 

[Claim 5] The manufacture approach of the semiconductor device according to claim 4 which 
forms the antioxidizing film on the surface of a metal membrane where the temperature of the 
front face of a silicon layer is once dropped at 200 degrees C or less from whenever [ stoving 
temperature / of ** a 1st ]. 

[Claim 6] The manufacture approach of the semiconductor device any one publication of five 
from claim 1 which includes the process which makes some or all of a field from the front face of 
a silicon layer to a depth of 12nm make it amorphous before performing 1st heating. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the semiconductor 
device of a silicon layer which silicide-izes a surface layer at least in more detail about the 
manufacture approach of a semiconductor device. 
[0002] 

[Description of the Prior Art] Detailed-ization of device size is advanced in manufacture of a 
semiconductor device. This is for leading to improvement in the property of a transistor, when 
the number of devices which can be taken from one substrate increases and a semiconductor 
device contains a transistor so that detailed-ization progresses: However, resistance of the 
wiring part instead of the transistor itself has come to affect the working speed of a transistor 
with progress of detailed-izing. For this reason, in manufacture of a semiconductor device, the 
Salicide technique for lowering resistance of a gate line or a diffusion field is indispensable. 
[0003] In manufacture of the semiconductor device using the Salicide technique, the usual 
transistor production is first performed to a silicon substrate. That is, it is formation of a 
component isolation region, a well, the gate, and an N+/P+ diffusion layer. Next, after performing 
surface treatment using a hydrofluoric acid water solution etc. to the silicon substrate which 
ended the above-mentioned transistor formation process and exposing a silicon front face, a 
metal membrane is formed on a silicon front face. 

[0004] subsequently, the protective coat for preventing oxidation of said metal membrane on this 
metal membrane — preparing — further — RTA Processing (Rapid Thermal Annealling) etc. — a 
substrate is heated (annealing for forming silicide) and a silicide layer is formed on a substrate by 
making the silicon and said metal membrane of a substrate react. On the front face of a silicon 
substrate in which the silicide layer was formed, the part which does not cause silicide reactions, 
such as a component isolation region formed with the oxide film or a sidewall, exists. 
[0005] Since these parts are parts for electrical isolation, if the unreacted metal remains on this 
they have a problem. Then, drugs processing which removes the. unreacted metal membrane on a 
component isolation region or a sidewall is performed. The drug solution which dissolves said 
metal membrane formed on the surface of the silicon substrate, and does not dissolve silicide is 
used for this processing. 

[0006] Finally, at temperature higher than whenever [ in annealing for forming the 
aforementioned silicide / stoving temperature ], annealing for the phase change of silicide is 
performed and a silicide layer is changed to the structure where resistance is more low. The 
reason for dividing annealing treatment into 2 times is because the silicon of a substrate is 
violently spread into the metal membrane on a component isolation region or a sidewall and 
silicide is formed also on a component isolation region or a sidewall, when temperature is raised 
by annealing for forming silicide too much. By using such a Salicide technique, the electric 
conduction field of low resistance can be produced only on a silicon front face by using the 
selectivity of a reaction, without using the conventional photolithography technique. 
[0007] However, the fault of the approach using the above-mentioned Salicide technique is 
consuming the silicon of a substrate in the case of formation of silicide. If the thickness of an 
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N+/P+ diffusion layer turns thinner up with advance of detailed-izing and the silicon of this field 
is consumed for formation of a silicide layer, the distance for the inferior surface of tongue of 
the formed silicide layer and the joint under an N+/P+ diffusion layer will approach further, and it 
will become easy to produce junction leak. In this case, although consumption of the silicon at 
the time of formation of silicide is held down, the distance of a part for said joint and the base of 
a silicide layer becomes large and junction leak can be reduced if a silicide layer is made thin, the 
rise of the sheet resistance of a gate line or a diffusion field is caused inevitably. 
[0008] Usually, the technique of forming silicide evenly is used as a cure for suppressing junction 
leak and the rise of sheet resistance. It is known that the surface smoothness of silicide will 
change to the reaction time of the above metals and silicon a lot based on the condition on the 
front face of silicon of a substrate. This is to put a silicon front face to atmospheric air, by the 
time it forms a metal membrane, even if it removes an oxide film from the front face of the 
silicon of a substrate by pretreatment etc., and for an oxide film to arise again. 
[0009] Silicide will be formed if it is the case that a metal membrane and the oxide film produced 
between substrate silicon are very thin. This is because there is usually reducibility to silicon 
oxide in the metal used for formation of silicide. However, the part which silicide tends to 
produce since it is usually uneven, and the part which is hard to produce are formed, and, as for 
the oxide film produced on the surface of a silicon substrate, a silicide layer uneven as a result is 
formed on a silicon substrate. In order that the distance for the base of a silicide layer and the 
joint under an N+/P+ diffusion layer may approach in a part with the thick thickness, a lifting and 
since [ which become empty ] the average thickness of the silicide layer itself is still thinner, the 
silicide layer formed on the uneven oxide film has large sheet resistance injunction leak. 
[0010] Moreover, depending on a device, carbon, a fluorine, etc. may mix in a silicon front face in 
the middle of the making process. In the process of gate etching, the etchback at the time of 
sidewall formation, etc., it is mainly easy to produce these. Mixing of such an element increases 
the heterogeneity on the front face of silicon, and is considered to produce junction leak 
according to the same operation as the heterogeneity by the above mentioned, oxide film. 
[0011] The heterogeneity of such silicide is improved and there is the manufacture approach of 
the semiconductor device indicated by for example, the publication-number No. 251967 [ nine 
to ] official report as an approach of preventing junction leak. The manufacture approach 
indicated by the above-mentioned official report is explained in order of a process, referring to 
drawing 2 . In addition, since this drawing is a schematic diagram to which the scale was 
expanded partially because of explanation, that configuration or magnitude of it is not necessarily 
the same as that of an actual device. 

[0012] (a) of drawing 2 After ending formation of a transistor, it is in the condition which made 
the silicon front face amorphous. A diffusion layer with deep amorphous field in which the gate, a 
diffusion layer with 102 [ shallow / a sidewall and 103.], and 104 were formed in of the 
component isolation region, and 105 was formed for 101 of impregnation of ion and 107, and 106 
are silicon (silicon wafer) as a substrate. In order to simplify explanation, gate oxide, a well, etc. 
are omitted all over drawing. 

[0013] (b) of drawing 2 It is in the condition which ended formation of a metal membrane 108 and 
the antioxidizing film 109. Cobalt is well used for a metal membrane 108, and cobalt reacts to it 
with silicon 106, and it is made to produce silicide. Titanium nitride is well used for the 
antioxidizing film 109, and functions on it as film which prevents oxidation of a metal membrane 
108. 

[0014] (c) of drawing 2 The aforementioned (b) It is a condition and is in the condition after 
performing annealing which forms silicide. The silicide layer 1 10 is the aforementioned (a). It is 
formed so that it may be settled in the amorphous field 105 set and prepared. In order that the 
silicon in the amorphous field 105 made amorphous to homogeneity and the cobalt of a metal 
membrane 109 may react, the formed silicide layer 1 10 has high surface smoothness, (d) of 
drawing 2 (c) It is a condition and is in the condition after performing annealing for the phase 
change of silicide. Annealing for the phase change of silicide is performed at an elevated 
temperature rather than annealing which forms silicide. By this annealing treatment, it is (c). The 
produced silicide layer 110 reacts with the silicon 106 of a substrate further, and the silicide 
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layer 1 1 1 in which thickness increased is formed. In addition, the aforementioned (c) Since it 
sets and the uniform silicide layer 110 arises, the distance of extent from which the distance of 
the PN-juncti<?n section and the silicide layer 1 10 does not produce junction leak in the nearest 
part in this condition is maintained. 
[0015] 

[Problem(s) to be Solved by the Invention] As described above, in order to pour in ion and to 
perform amorphous-ization on the front face of silicon, ion, such as arsenic with comparatively 
large mass, is usually used. However, while such ion tends to form an amorphous layer, it is 
known that it will be easy to produce a defect to a field deeper than the field where ion was 
poured in. If such a defect arises, it will be easy to produce the level constituting the cause of ... 
junction leak of silicon. Increase of leakage current is LSI for pocket devices which increases the 
consumed electric current at the time of standby of a component, and especially operates by a 
cell etc. It sets and becomes a serious problem. 

[0016] This invention. is made in view of the above-mentioned trouble, and it is more uniform and 
aims at forming in a semiconductor device the silicide layer which cannot produce defects, such 
as junction leak, easily. 
[0017] 

[Means for. Solving the Problem] According to this invention, the manufacture approach of the 
semiconductor device which performs 1st heating on the front face of a silicon layer, carries out 
the laminating of the metal membrane in that condition to it, subsequently performs 2nd heating 
on it, and is' characterized by the thing of a silicon layer for which a surface layer is silicide-ized 
at least on it is offered. 

[0018] That is, in this invention; in order to form the oxide film and metal membrane which are 
formed in the front face of . a silicon layer using the heat energy which the front face of the 
silicon layer by which the temperature up was carried out has, the metal atom supplied to the 
front face of a silicon layer is made to react, and said oxide film is returned, this — said oxide 
film — disappearance — or since it thin-film-izes, a uniform and flat silicide layer can be formed 
in the front face of a silicon layer. 

[0019] As a silicon layer in this invention, the silicon substrate itself in which the circuit section 
of semiconductor devices, such as a capacitor and a transistor, is formed is sufficient, and the 
silicon layer which functions as the conductive layer or wiring layer of these components is 
sufficient. • 

[0020] Whenever [ stoving temperature / of ** a 1st ] has desirable 300-400 degrees C. If 
whenever [ stoving temperature / of ** a 1st ] is lower than 300 degrees C, it will be easy to 
produce irregularity in the interface of silicon and a silicide layer. If whenever [ stoving 
temperature / of ** a 1st ] is higher than 400 degrees C, it will be easy to produce proof- 
. pressure degradation of gate oxide etc. by the plasma damage during the spatter of a metal 
membrane. 

[0021] Although refractory metals, such as cobalt and titanium, are mentioned, if it is the metal 
which reacts with silicon and forms silicide as an ingredient of the metal membrane in this 
invention, it will not be limited especially. As the formation approach of a metal membrane, the 
conventional thin film coating technology, such as vacuum deposition, a CVD method, and a 
spatter, can .be used. 

[0022] As a means of the 2nd heating, annealing by furnace annealing,. RTA, etc. in this invention 
is mentioned. Whenever [ stoving temperature / of ** a 2nd ] has desirable 500-900 degrees C. 
[0023] After a metal membrane is formed, where the temperature of the front face of a silicon 
layer is once dropped from whenever [ stoving temperature / of ** a 1st ], the antioxidizing film 
is formed in this invention on the surface of a metal membrane, and, subsequently the process 
which performs 2nd heating is included in it. That is, since the amount of currents which flows 
the inside of an oxide film during membrane formation of a metal membrane can be reduced by 
the above-mentioned cooling although pressure-proofing of gate oxide may be degraded when 
silicide-izing the silicon layer which constitutes a transistor using the manufacture approach 
including the 1st heating process of this invention, pressure-proof degradation of the above is 
prevented. That the temperature of the silicon layer at the. time of antioxidizing film formation 
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should just be descending at 200 degrees C or less, especially a minimum may not set and may 
be cooled to near a room temperature. As an ingredient of the antioxidizing film in this invention, 
although titanium nitride is mentioned, if it is the ingredient of the conventional antioxidizing film, 
it will not be limited especially. As the formation approach of the antroxidizing film, the 
conventional thin film coating technology, such as vacuum deposition, a CVD method, and a 
spatter, can be used. In this invention, since the membrane formation equipment used for 
formation of a metal membrane can perform formation of the antioxidizing film continuously, 
oxidation of a metal membrane can be prevented. 

[0024] After using the above-mentioned approach, when asking for the improvement of the 
further junction leak, before performing 1st heating, it is desirable to make some or all of a field 
from the front face of a silicon layer to a depth of 12nm make it amorphous. That is, since the 
front face of a silicon layer is polluted with carbon, a fluorine, etc., even if it makes temperature 
of a silicon layer high and forms a metal, when the silicide formed becomes an ununiformity, by 
making the maximum front face of a silicon layer amorphous, association of carbon, a fluorine, 
and silicon is cut and a reaction with said metal is promoted. The reaction of said metal and 
silicon comes to progress to homogeneity by this, silicide is formed in homogeneity, and junction 
leak is controlled. As for the above-mentioned amorphous-izing, it is desirable to be carried, out 
so that an ion kind may be spread only into a part shallow in the management of a silicon layer 
and an ion kind may not usually invade into a part with a deep silicon layer. 

[0025] It mainly depends for the penetration depth of an ion kind on impregnation energy. Boron, 
phosphorus, arsenic, nitrogen, silicon, etc. are mentioned as an ion kind used for the above- 
mentioned shallow ion implantation. Also in these, comparatively heavy arsenic is desirable. The 
ion injection rate in this invention is one E14 to 8E14-/cm2 order, and ion-implantation energy is 
5-15keV. Although illustrated, these are suitably adjusted according to the purpose. 
[0026] As mentioned above, even if the field which produces a defect with the ion kind poured in 
since it was small compared with the former occurs in a silicon layer, since that depth is not not 
much deep, the ion-implantation energy in this invention does not affect a junction field. 
[0027] By this invention, -in the condition that the front face of a silicon layer is not exposed, an 
ion implantation can be performed (for example, where it is in a condition [ not continuing not 
removing the oxide film which exists in a silicon front face ] or the laminating of the protective 
coat is carried out), and an ion kind can be injected only into the shallow part of the management 
of a stop and a silicon layer for invasion of the ion kind to a part with a silicon layer deep as a 
result Therefore, with respect to the capacity of ion implantation equipment, a shallow ion 
implantation [ be / nothing] becomes possible. 
[0028] 

[Embodiment of the Invention] Hereafter, this invention is not limited by these although the 
gestalt of implementation of the manufacture approach of the semiconductor device of this 
invention is explained based on a drawing. Drawing 1 shows the outline of the production process 
of the MOS transistor by this invention. In addition, since drawing 1 has expanded the scale 
partially because of explanation, it is not necessarily the same as the configuration of an actual 
device. Moreover, gate oxide, a well, etc. are omitting out of drawing for simplification. 
[0029] The example of this invention is explained referring to example drawing 1 . (a) of drawing 
1 After ending formation of a MOS transistor, the condition of having made the silicon front face 
amorphous is shown. As for a gate electrode, a diffusion layer with 2 [ shallow. / a sidewall and 
3 ], and 4, 1 is [ a component isolation region, a diffusion layer with 5 / deep / an amorphous 
layer and 7 /, and 6 ] silicon substrates (silicon wafer). 

[0030] Formation of an amorphous layer is performed when contamination of carbon, a fluorine, 
etc. has arisen on the front face of the silicide-ized silicon substrate 6. The depth of 120nm and 
the deep diffusion layer 7 . of the depth of the shallow diffusion layer 3 is 160nm. Each of diffusion 
layers 3 and 7 is BF2. And it is produced by impregnation of As. 

[0031] Formation of a sidewall 2 has a method of leaving an about 10nm oxide film, in the front 
face of the approach of carrying out etchback to the front face of a silicon substrate 6, and 
silicon 6. According to the latter approach, contamination of the carbon under the effect of 
etching produced on the front face of a silicon substrate 6 or a fluorine can be reduced, but it. 
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may be difficult for the thickness which should be carried out etchback to change with parts, and 
to leave an oxide film to the front face of silicon 6 in the case where two or more devices are 
produced in th t e same process. 

[0032] Impregnation of arsenic ion performed formation of the amorphous layer 5. Usually, if 
arsenic ion is injected into a silicon substrate 6, an amorphous field will be produced in the 
front-face side of a silicon substrate 6 rather than average projection range. In a part still 
deeper than average projection range, the field which Si atom begun to beat by poured-in As 
entered is produced. A defect tends to be made in such a field and a rearrangement is further 
produced according to a heating process. It becomes the cause in which these produce junction 
leak. 

[0033] However, in order to pour arsenic ion into the very shallow field of the front face of a 
silicon substrate 6 in this invention, 1 0keV(s) and the amount of impregnation ion of impregnation 
energy (the amount of dopes) are 3E1 4/cm2. Thus, since impregnation energy is small, even if 
the field which the silicon atom "begun to beat with the arsenic ion poured in as described above 
entered is generated, since the depth is not not much deep, a junction field is not affected. 
[0034] (b) of drawing 1 It is in the condition which ended formation of a metal membrane 8 after 
the 1st heating. A metal membrane 8 is a metal membrane for reacting with a silicon substrate 6 
and producing silicide, and cobalt was used for it in this example. The spatter performed . 
membrane formation of a metal membrane 8. They are 5mT(s) about the pressure in 500W and 
equipment in the power of a sputtering system. It considered as extent. Temperature (whenever 
[ stoving temperature / of ** a 1st ]) of the silicon substrate 6 at the time of a spatter was 
made into 350 degrees C. In addition, below 300 degrees C, irregularity arises in the interface of 
silicide and silicon and whenever [ stoving temperature / of ** a 1st ] tends to produce junction 
leak by it. In order to reduce junction leak, sheet resistance will become high, if irregularity is left 
as it is and a metal membrane 8 is made thin. Above 400 degrees C, gate oxide produces 
[ whenever / stoving temperature / of ** a 1st ] proof-pressure degradation by the plasma 
damage during a spatter. 

[0035] (c) of drawing 1 It is in the condition which the temperature of a silicon substrate 6 was 
once dropped after formation termination of a metal membrane 8, and formed the antioxidizing 
film 9 in the condition, The antioxidizing film 9 formed membranes by the spatter using titanium 
nitride in this example. They are 10mT(s) about the pressure in 2kW and equipment in the power 
of a sputtering system. It considered as extent. The spatter of a metal membrane 8 and the 
spatter of the antioxidizing film 9 were performed continuously, maintaining a vacuum within the 
same sputtering system. This is for preventing oxidation of the cobalt of a metal membrane 8. In 
addition, the temperature of the silicon substrate 6 at the time of spatter initiation was 70 
degrees C. 

[0036] If the temperature of a silicon substrate 6 exceeds 200 degrees C at the time of the 
spatter of the antioxidizing film 9, pressure-proofing of gate dielectric film may deteriorate by 
the damage of the plasma at the time of the spatter of the antioxidizing film 9. The degree of 
pressure-proof degradation changes with devices. When degradation of pressure-proofing of gate 
dielectric film was checked, the temperature of a silicon substrate 6 was lowered to 200 degrees 
C, holding a silicon substrate 6, where the vacuum of E-108 order is maintained in the same 
equipment after the spatter of a metal membrane 8. However, in order to lower substrate 
temperature to 200 degrees C, the processing time becomes long, and a throughput falls. 
[0037] (d) of drawing 1 After ending formation of the antioxidizing film 9, it is in the condition 
after performing 2nd heat-treatment. The silicide layer 10 is formed in diffusion layers 3 and 7, 
respectively. Whenever [ stoving temperature / of ** a 2nd ] was 570 degrees C. Drawi ng 1 (e) 
is the above (d). It is in the condition which heat-treated high temperature further from the 
condition. By heat-treatment of high temperature, it is the above (d). It became the silicide layer 
11 in which the produced silicide layer 10 reacted to with the silicon substrate 6 further, and 
thickness increased. 

[0038] [Example of a comparison] N+ of the device used as a sample It is As to a diffusion layer 
field 50keV(s) and 3E15/cm 2 It is conditions and is P+. He is BF2 to a diffusion layer field. 
30keV(s) and 2E15cm2 After pouring in on conditions, it is RTA for 10 seconds at 1000 degrees 
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C. Annealing was performed. Then, 20keV and 3E14/cm 2 As was poured in on the surface of 
the silicon substrate on conditions. This process is an approach by the conventional technique 
which makes Si amorphous. 

[0039] Then, HF water solution removed the natural oxidation film of a silicon substrate surface. 
Subsequently it is TiN in 80A of thickness about Co. By thickness 200 **, membranes are 
formed by the continuation spatter in a vacuum in this order, respectively, and it is RTA. 570 
degrees C and annealing for 60_ seconds which were used were performed in nitrogen-gas- 
atmosphere mind. Subsequently, a sulfuric-acid:fjltered water = Co and TiN unreacted with the 
solution of 4:1 It removed. At this time, the thickness of silicide was about 150 **. Then, it is 
RTA about annealing for 30 seconds at 750 **. It was used and carried out in nitrogen-gas- 
atmosphere mind. The final thickness of a silicide layer was about 300 **. 
[0040] Average junction leakage current was 1.8V, and the samples in which the silicide layer 
was formed by the conventional approach were 1.8E^8A/cm2 (N+ diffusion layer side) and 3.4E- 
7A/cm2 (P+ diffusion layer side). On the other hand, average junction leakage current was 1.8V, 
and the samples in which silicide was formed with the application of the manufacture approach of 
the semiconductor device of this invention shown in said example were 1 .8E-8A/cm2 (N+ 
diffusion layer side) and 2.5E~8A/cm2 (P+ diffusion layer side). Leakage current is 1 although the 
junction to a part for the joint under an N+/P+ diffusion layer is not destroyed in the' sample 
devices in which the silicide layer was formed by the conventional approach. It increased double 
figures from the digit. 
[0041] , 

[Effect of the Invention] In this invention, in order to form the oxide film and metal membrane 
which are formed in the front face of a silicon layer using the heat energy which the front face of 
the silicon layer by which the temperature up was carried out has, the metal atom supplied to 
the front face of a silicon layer is made to react, and said oxide film is returned, this — said 
oxide film — disappearance — or since it thin-film-izes, a uniform and flat silicide layer can be 
formed in the front face of a silicon layer. Therefore, it is hard coming to generate the junction 
leak in a semiconductor device. Moreover, after forming a metal membrane, degradation of the 
pressure-proofing in the semiconductor device formed in a silicon layer is prevented by forming 
the antioxidizing film, where the temperature of a silicon layer is once dropped. 
[0042] By making the front face of a silicon layer amorphous, association of carbon, a fluorine, 
and silicon is cut and the reaction of the metal atom and silicon which form a metal membrane is 
promoted. By this, the reaction of a metal membrane and silicon progresses to homogeneity, 
silicide is formed in homogeneity, and junction leak is controlled. 
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* NOTICES * 

JPO and NCIPI are no! responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 

[Field of the Invention] This invention relates to the manufacture approach of the semiconductor 
device of a silicon layer which silicide-izes a surface layer at least in more detail about the 
manufacture approach of a semiconductor device. 
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PRIOR ART 



[Description of the Prior Art] Detailed-ization of device size is advanced in manufacture of a 
semiconductor device. This is for leading to improvement in the property of a transistor, when 
the number of devices which can be taken from one substrate increases and a semiconductor 
device contains a transistor so that detailed-ization progresses. However, resistance of the 
wiring part instead of the transistor itself has come to affect the working speed of a transistor 
with progress of detailed-izing. For this reason, in manufacture of a semiconductor device, the 
Salicide technique for lowering resistance of a gate line or a diffusion field is indispensable. 
[0003] In manufacture of the semiconductor device using the Salicide technique, the usual 
transistor production is first performed to a silicon substrate. That is, it is formation of a 
component isolation region, a well, the gate, and an N+/P+ diffusion layer. Next, after performing 
surface treatment using a hydrofluoric acid water solution etc. to the silicon substrate which 
ended the above-mentioned transistor formation process and exposing a silicon front face, a 
metal membrane is formed on a silicon front face. 

[0004] subsequently, the protective coat for preventing oxidation of said metal membrane on this 
metal membrane — preparing — further — RTA Processing (Rapid Thermal Annealling) etc. — a 
substrate is heated (annealing for forming silicide) and a silicide layer is formed on a substrate by 
making the silicon and said metal membrane of a substrate react. On the front face of a silicon 
substrate in which the silicide layer was formed/the part which does not cause silicide reactions, 
such as a component isolation region formed with the oxide film or a sidewall, exists. 
[0005] Since these parts are parts for electrical isolation, if the unreacted metal remains on this, 
they have a problem. Then, drugs processing which removes the unreacted metal membrane on a 
component isolation region or a sidewall is performed. The drug solution which dissolves said 
metal membrane formed on the surface of the silicon substrate, and does not dissolve silicide is 
used for this processing. 

[0006] Finally, at temperature higher than whenever [ in annealing for forming the 
aforementioned silicide / stoving temperature ], annealing for the phase change of silicide is 
performed and a silicide layer is changed to the structure where resistance is more low. The 
reason for dividing annealing treatment into 2 times is because, the silicon of a substrate is 
violently spread into the metal membrane on a component isolation region or a sidewall and 
silicide is formed also on a component isolation region or a sidewall, when temperature is raised 
by annealing for forming silicide too much. By using such, a Salicide technique, the electric 
conduction field of low resistance can be produced only on a silicon front face by using the 
selectivity of a reaction, without using the conventional photolithography technique. 
[0007] However, the fault of the approach using the above-mentioned Salicide technique is 
consuming the silicon of a substrate in the case of formation of silicide. If the thickness of an 
N+/P+ diffusion layer turns thinner up with advance of detailedHzing and the silicon of this field 
is consumed for formation of a silicide layer, the distance for the inferior surface of tongue of 
the formed silicide layer and the joint under an N+/P+ diffusion layer will approach further, and it 
will become easy to produce junction leak. In this case, although consumption of the silicon at 
the time of formation of silicide is held down, the distance of a part for said joint and the base of 
a silicide layer becomes large and junction leak can be reduced if a silicide layer is made thin, the 
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rise of the sheet resistance of a gate line or a diffusion field is caused inevitably. 
[0008] Usually, the technique of forming silicide evenly is used as a cure for suppressing junction 
leak and the rise of sheet resistance. It is known that the surface smoothness of silicide will 
change to the reaction time of the above metals and silicon a lot based on the condition on the 
front face of silicon of a substrate. This is to put a silicon front face to atmospheric air, by the 
time it forms a metal membrane, even if it removes an oxide film from the front face of the 
silicon of a substrate by pretreatment etc., and for an oxide film to arise again. 
[0009] Silicide will be formed if it is the case that a metal membrane. and the oxide film produced 
between substrate silicon are very thin. This is because there is usually reducibility to silicon 
oxide in the metal used for formation of sjlicide. However, the part which silicide tends to 
produce since it is usually uneven, and the part which is hard to produce are formed, and, as for 
the oxide film produced on the surface of a silicon substrate, a silicide layer uneven as a result is 
formed on a silicon substrate. In order that the distance for the base of a silicide layer and the 
joint under an N+/P+ diffusion layer may approach in a part with the thick thickness, a lifting and 
since [ which become empty ] the average thickness of the silicide layer itself is still thinner, the 
silicide layer formed on the uneven oxide film has large sheet resistance injunction leak. 
[0010] Moreover, depending on a device, carbon, a fluorine, etc. may mix in a silicon front face in 
the middle of the making process. In the process of gate etching, the etchback at the time of 
sidewall formation, etc., it is mainly easy to produce these. Mixing of such an element increases 
the heterogeneity on the front face of silicon, and is considered to produce junction leak 
according to the same operation as the heterogeneity by the above mentioned oxide film. 
[0011] The heterogeneity of such silicide is improved and there is the manufacture approach of 
the semiconductor device indicated by for example, the publication-number No. 251967 [ nine 
to ] official report as an approach of preventing junction leak. The manufacture approach 
indicated by the above-mentioned official report is explained in order of a process, referring to 
drawing 2 . In addition, since this drawing is a schematic diagram to which the scale was 
expanded partially because of explanation, that configuration or magnitude of it is not necessarily 
the same as that of an actual device. 

[0012] (a) of drawing 2 After ending formation of a transistor, it is in the condition which made 
the silicon front face amorphous. A diffusion layer with deep amorphous field in which the gate, a 
diffusion layer with 102 [ shallow / a sidewall and 103 ], and 104 were formed in of the 
component isolation region, and 105 was formed for 101 of impregnation of ion and 107, and 106 
are silicon (silicon wafer) as a substrate. In order to simplify explanation, gate oxide, a well, etc. 
are omitted all over drawing. 

[0013] (b) of drawing 2 It is in the condition which ended formation of a metal membrane 108 and 
the antioxidizing film 109. Cobalt is well used for a metal membrane 108, and cobalt reacts to it 
with silicon 106, and it is made to produce silicide. Titanium nitride is well used for the 
antioxidizing film 109, and functions on it as film which prevents oxidation of a metal membrane 
108. 

[0014] (c) of drawing 2 The aforementioned (b) It is a condition and is in the condition after 
performing annealing which forms silicide. The silicide layer 1 10 is the aforementioned (a). It is 
formed so that it may be settled in the amorphous field 105 set and prepared. In order that the 
silicon in the amorphous field 105 made amorphous to homogeneity and the cobalt of a metal 
membrane 109 may react, the formed silicide layer 110 has high surface smoothness, (d) of 
drawing 2 (c) It is a condition and is in the condition after performing annealing for the phase 
change of silicide. Annealing for the phase change of silicide is performed at an . elevated 
temperature rather than annealing which forms silicide. By this annealing treatment, it is (c). The 
produced silicide layer 1 10 reacts with the silicon 106 of a substrate further, and the silicide 
layer 111 in which thickness increased is formed. In addition, the aforementioned (c) Since it 
sets and the uniform silicide layer 1 10 arises, the distance of extent from which the distance of 
the PN-junction section and the silicide layer 110 does not produce junction leak in the nearest 
part in this condition is maintained. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] In this invention, in order to form the oxide film and metal membrane 
which are formed in the front face of a silicon layer using the heat energy which the front face of 
the silicon layer by which the temperature up was carried out has, the metal atom supplied to 
the front face of a silicon layer is made to react, and said oxide film is returned, this — said 
oxide film — disappearance — or since it thin-filrrHzes, a uniform and flat silicide layer can be 
formed in the front face of a silicon layer. Therefore, it is hard coming to generate the junction 
leak in a semiconductor device. Moreover, after forming a metal membrane, degradation of the 
pressure-proofing in the semiconductor device formed in a silicon layer is prevented by forming 
the antioxidizing film, where the temperature of a silicon layer is once dropped. 
[0042] By making the front face of a silicon layer amorphous, association of carbon, a fluorine, 
and silicon is cut and the reaction of the metal atom and silicon which form a metal membrane is 
promoted. By this, the reaction of a metal membrane and silicon progresses to homogeneity, 
silicide is formed in homogeneity, and junction leak is controlled. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] As described above, in order to pour in ion and to 
perform amorphous-ization on the/front face of silicon, ion, such as arsenic with comparatively 
large mass, is usually used. However, while such ion tends to form an amorphous layer, it is 
known that it will be easy to produce a defect to a field deeper than the field where ion was 
poured in.. If such a defect arises, it will be easy to produce the level constituting the cause of 
junction leak of silicon. increase* of leakage current is LSI for pocket devices which increases the 
consumed electric current at the time of standby of a component, and especially operates by a 
cell etc. It sets and becomes a serious problem. 

[0016] This invention is made in view of the above-mentioned trouble, and it is more uniform and 
aims at forming in a semiconductor device the silicide layer which cannot produce defects, such 
as junction leak, easily. 
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MEANS : 

[Means for Solving the Problem] According to this invention, the manufacture approach of the 
semiconductor device which performs 1st heating on the front face of a silicon layer, carries out 
the laminating of the metal membrane in that condition to it, subsequently performs 2nd heating 
on it, and is characterized by the thing of a silicon layer for which £ surface layer is silicideHzed 
at least on it is offered. 

[0018] That is, in this invention, in order to form the oxide film and metal membrane which are 
formed in the front face of a silicon layer using the heat energy which the front face of the 
silicon layer by which the temperature up was carried out has, the metal atom supplied to the 
front face of a silicon layer is made to react, and said oxide film is returned, this — said oxide 
film — disappearance — or since.it thin— film-izes, a uniform and flat siiicide layer can be formed 
in the front face of a silicon layer. 

[0019] As a silicon layer in this invention, the silicon substrate itself in which the circuit section 
of semiconductor devices, such as a capacitor and a transistor, is formed is sufficient, and the 
silicon layer which functions as the conductive layer or wiring layer of these components is . 
sufficient. 

[0020] Whenever [ stoving temperature / of ** a 1st ] has desirable 300-400 degrees C. If 
whenever [ stoving temperature / of.** a 1st ] is lower than 300 degrees C, it will be easy to 
produce irregularity in the interface of silicon and a siiicide layer. If whenever [ stoving 
temperature / of ** a 1st ] is higher than 400 degrees C, it will be easy to produce proof- 
pressure degradation of gate oxide etc. by the plasma damage during the spatter of a metal 
membrane. 

[0021] Although refractory metals, such as cobalt and titanium, are mentioned, if it is the metal 
which reacts with silicon and forms siiicide as an ingredient of the metal membrane in this 
invention, it will not be limited especially. As the formation approach of a metal membrane, the 
conventional thin film coating technology, such as vacuum deposition, a CVD method, and a 
spatter, can be used. 

[0022] As a means of the 2nd heating, annealing by furnace annealing, RTA, etc. in this invention 
is mentioned. Whenever [ stoving temperature / of ** a 2nd ] has desirable 500-900 degrees C. 
[0023] After a metal membrane is formed, where the temperature of the front face of a silicon 
layer is once dropped from whenever [ stoving temperature / of ** a 1st ], the antioxidizing film 
is formed in this invention on the surface of a metal membrane, and, subsequently the process 
which performs 2nd heating is included in it. That is, since the amount of currents which flows 
the inside of an oxide film during membrane formation of a metal membrane can be reduced by 
the above-mentioned cooling although pressure-proofing of gate oxide may be degraded when 
siiicide— izing the silicon layer which constitutes a transistor using the manufacture approach 
including the 1st heating process of this invention, pressure-proof degradation of the above is 
prevented. That the temperature of the silicon layer at the time of antioxidizing film formation 
should just be descending at 200 degrees C or less, especially a minimum may not set and may 
be cooled to near a room temperature. As an ingredient of the antioxidizing film in this invention, 
although titanium nitride is mentioned, if it is the ingredient of the conventional antioxidizing film, 
it will not be limited especially. As the formation approach of the antioxidizing film, the 
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conventional thin film coating technology, such as vacuum deposition, a CVD method, and a 
spatter, can be used. In this invention, since the membrane formation equipment used for 
formation of a metal 1 membrane can perform formation of the antioxidizing film continuously, 
oxidation of a metal membrane can.be prevented. 

[0024] After using the above-mentioned approach, when asking for the improvement of the 
further junction leak, before performing 1st heating, it is desirable to make some or all of a field 
from the front face of a silicon layer to a depth of 12nm make it amorphous. That is, since the 
front face of a silicon layer is polluted with carbon, a fluorine, etc., even if it makes temperature 
of a silicon layer high and forms a metal, when the silicide formed becomes an ununiformity, by 
making the maximum front face of a silicon layer amorphous, association of carbon, a fluorine, 
and silicon is cut and a rejaction with said metal is promoted. The reaction of said metal and 
silicon comes to progress to homogeneity by this, silicide is formed in homogeneity, and junction 
leak is controlled. As for the above-mentioned amorphousHzing, it is desirable to be carried out 
so that an ion kind may be spread only into a part shallow in the management of a silicon layer, 
and an ion kind may not usually invade into a part with a deep silicon layer. 

[0025] It mainly depends for the penetration depth of an ion kind on impregnation energy. Boron, 
phosphorus, arsenic, nitrogen, silicon, etc. are mentioned as an ion kind used for the above- 
mentioned shallow ion implantation. Also in these, comparatively heavy arsenic is desirable. The 
ion injection rate in this invention is one E14 to 8E14-/cm2 order, and ion-implantation energy is 
5-15keV. Although illustrated, these are suitably adjusted according to the purpose. 
[0026] As mentioned above, even if the field which produces a defect with the ion kind poured in 
since it was small compared with the former occurs in a silicon layer, since that depth is not not 
much deep, the ion-implantation energy in this invention does not affect a junction field. 
[0027] By this invention, in the condition that the front face of a silicon layer is not exposed, an. 
ion implantation can be performed (for example, where it is in a condition [ not continuing not 
removing the oxide film which exists in a silicon front face ] or the laminating of the protective 
coat is carried out), and an ion kind can be injected only into the shallow part of the management 
of a stop and a silicon layer for invasion of the ion kind to a part with a silicon layer deep as a 
result. Therefore, with respect to the capacity of ion implantation equipment, a shallow ion 
implantation [ be / nothing ] becomes possible. 
[0028] 

[Embodiment of the Invention] Hereafter, this invention is hot limited by these although the 
gestalt of implementation of the manufacture approach of the semiconductor device of this 
invention is explained based on a drawing. Drawing 1 shows the outline of the production process 
of the MOS transistor by this invention. In addition, since drawing 1 has expanded the scale 
partially because of explanation, it is not necessarily the same as thie configuration of an actual 
device. Moreover, gate oxide, a well, etc. are omitting out of drawing for simplification. 
[0029] The example of this invention is explained referring to example drawing 1 . (a) of drawing 
1 After ending formation of a MOS transistor, the condition of having made the silicon front face 
amorphous is shown. As for a gate electrode, a diffusion layer with 2 [ shallow / a sidewall and. 
3 ], and 4, 1 is [ a component isolation region, a diffusion layer with 5 / deep / an amorphous 
layer and 7 /, and 6 ] silicon substrates (silicon wafer). 

[0030] Formation of an amorphous layer is performed when contamination of carbon, a fluorine, 
etc. has arisen on the front face of the silicide-ized silicon substrate 6. The depth of 120nm and 
the deep diffusion layer 7 of the . depth of the shallow diffusion layer 3 is 160nm. Each of diffusion 
layers 3 and 7 is BF2. And it is produced by impregnation of As. 

[0031] Formation of a sidewall 2 has a method of leaving an about tOnm oxide film in the front 
face of the approach of carrying out etchback to the front face of a silicon substrate 6, and 
silicon 6. According to the latter approach, contamination of the carbon under the effect of 
etching produced on the front face of a silicon substrate 6 or a fluorine can be reduced, but it 
may be difficult for the thickness which should be carried out etchback to change with parts, and 
to leave an oxide film to the front face of silicon 6 in the case where two or more devices are 
produced in the same process. 

[0032] Impregnation, of arsenic ion performed formation of the amorphous layer 5. Usually, if 
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arsenic ion is injected into a silicon substrate 6, an amorphous field will be produced in the 
front-face side of a silicon substrate 6 rather than average projection range. In a part still 
deeper than average projection range, the field which Si atom begun to beat by pouredHn As 
entered is produced. A defect tends to be made in such a field and a rearrangement is further 
produced according to a heating process. It becomes the cause in which these produce junction 
leak. 

[0033] However, in order to pour arsenic ion into the very shallow field of the front face of a 
silicon substrate 6 in this invention, 10keV(s) and the amount of impregnation ion of impregnation 
energy (the amount of dopes) are 3E1 4/cm2. Thus, since impregnation energy is small, even if 
the field which the silicon atom begun to beat with the arsenic ion poured in as described above 
entered is generated, since the depth is not not much deep, a junction field is not affected. 
[0034] (b) of drawing 1 It is in the condition which ended formation of a metal membrane 8 after 
the 1st heating. A metal membrane 8 is a metal membrane for reacting with a silicon substrate 6 
and producing silicide, and cobalt was used for it in this example. The spatter performed 
membrane formation of a metal membrane 8. They are 5mT(s) about the pressure in 500W and 
equipment in the power of a sputtering system. It considered as extent. Temperature (whenever 
[ stoving temperature / of ** a 1st ]) of the silicon substrate 6 at the time of a spatter was 
made into 350 degrees C. In addition, below 300 degrees C, irregularity arises in the interface of 
silicide and silicon and whenever [ stoving temperature / of ** a 1st ] tends to produce junction 
leak by.it. In order to reduce junction leak, sheet resistance will become high, if irregularity is left 
as it is and a metal membrane 8 is made thin. Above 400 degrees C, gate oxide produces 
[ whenever / stoving temperature / of ** a 1st ] proof-pressure degradation by the plasma 
damage during a spatter. 

[0035] (c) of drawing 1 It is in the condition which the temperature of a silicon substrate 6 was 
once dropped after formation termination of a metal membrane 8, and formed the ahtioxidizing 
film 9 in the condition. The antioxidizing film 9 formed membranes by the spatter using titanium 
nitride in this example. They are 10mT(s) about the pressure in 2kW and equipment in the power 
of a sputtering system. It considered as extent. The spatter of a metal membrane 8 and the 
spatter of the antioxidizing film 9 were performed continuously, maintaining a vacuum within the 
same sputtering system. This is for preventing oxidation of the cobalt of a metal membrane 8. In 
addition, the temperature of the silicon substrate 6 at the time of spatter initiation was 70 
degrees C. 

[0036] If the temperature of a silicon substrate 6 exceeds 200 degrees C at the time of the 
spatter of the antioxidizing film 9, pressure-proofing of gate dielectric film may deteriorate by 
the damage of the plasma at the time of the spatter of the antioxidizing film 9. The degree of 
pressure-proof degradation changes with devices. When degradation of pressure-proofing of gate 
dielectric film was checked, the temperature of a silicon substrate 6 was lowered to 200 degrees 
C, holding a silicon substrate 6, where the vacuum of E-108 order is maintained in the same 
equipment after the spatter of a metal membrane 8. However, in order to lower substrate 
temperature to 200 degrees C, the processing time becomes long, and a throughput falls. 
[0037] (d) of drawing 1 After ending formation of the antioxidizing film 9, it is in the condition 
after performing 2nd heat-treatment. The silicide layer 10 is formed in diffusion layers 3 and 7, 
respectively. Whenever [ stoving temperature / of ** a 2nd ] was 570 degrees C. Drawing 1 (e) 
is the above (d). It is in the condition which heat-treated high temperature further from the 
condition. By heat-treatment of high temperature, it is the above (d). It became the silicide layer 
11 in which the produced silicide layer 10 reacted to with the silicon substrate 6 further, and 
thickness increased. 

[0038] [Example of a comparison] N+ of the device used as a sample It is As to a diffusion layer 
field 50keV(s) and 3E15/cm 2 It is conditions and is P+. He is BF2 to a diffusion layer field. . 
30keV(s) and -2E15cm2 After pouring in on conditions, it is RTA for 10 seconds at 1000 degrees 
C. Annealing was performed. Then, 20keV and 3E14/cm 2 As was poured in on the surface of 
the silicon substrate on conditions. This process is an apprpach by the conventional technique 
which makes Si amorphous. 

[0039] Then; HF water solution removed the natural oxidation film of a silicon substrate surface. 
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Subsequently it is TiN in 80A of thickness about Co. By thickness 200 **, membranes are 
formed by the continuation spatter in a vacuum in this order, respectively, and it is RTA. 570 
degrees C an.d annealing for 60 seconds which were used were performed in nitrogen-gas- 
atmosphere mind. Subsequently, a sulfuric-acid:filtered water = Co and TiN unreacted with the 
solution of 4:1 It removed. At this time, the thickness of silicide was about 1 50 **. Then, it is . 
RTA about annealing for 30 seconds at 750 **. It was used and carried out in nitrogen-gas- 
atmosphere mind. The final thickness of a silicide layer was about 300 **, 
[0040] Average junction leakage current was 1.8V, and the samples in which the silicide layer 
was formed by the conventional approach were 1.8E-8A/cm2 (N+ diffusion layer side) and 3.4E- 
7A/cm2 (P+ diffusion layer side). On the other hand, average junction leakage current was 1.8V, 
and the samples in which silicide was formed with the application of the manufacture approach of 
the semiconductor device of this invention shown in said example were 1.8E~8A/cm2 (N+ 
diffusion layer side) and 2.5E-8A/cm2 (P+ diffusion layer side). Leakage current is 1 although the 
junction to a part for the joint under an N+/P+ diffusion layer is not destroyed in the sample 
devices in which the silicide layer was formed by the conventional approach. It increased double 
figures from the digit. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the drawings] 

[Drawing 1] Outline process drawing explaining the gestalt of implementation of the manufacture 
approach of the semiconductor device by this invention. 

[ Draw ing 2T Outline process drawing explaining the gestalt of implementation of the manufacture 
approach of the semiconductor device by the conventional technique. 
[Description of Notations] 

1 Gate Electrode 

2 Sidewall 

3 Shallow Diffusion Layer 

4 Component Isolation Region 

5 Amorphous Layer 

6 Silicon Substrate (Silicon Layer) 

7 Deep Diffusion Layer 

8 Metal Membrane 

9 Antioxidizing Film 

10 Silicide Layer 

1 1 Silicide Layer of Low Resistance 
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DRAWINGS 



[Drawing 1] 

W 5 ? J 5 5 2 1 5 




[Drawing 2] 
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mnumzm 1 <ojn^ffi&*> art $ tt*mx\ 

0 mm 1 j&» 3 ^-r n*> 1 o (cRgta¥*fr 

[ 11*35 5 ] mi (vmm&mfr <o ^ u 3 >m<r>mm<r> 
im.* 2 0 oxaaTfc— s»TS*fe«JB , c, ajsmo 

«HfcWU»jhK*»rtW-*IIW»l4 fciBtt^Nfft^l 

^7 r x-fb$ ■& & Tm*&ts msm 1 *» ^ 5 ^-r 

[00 0 1] 

S. 

[00 02] 

Xif >f XnmMttmsb tyfiX^h. Z. WilSKIMt *gt 
tftit' 1 K^S±*^JXtiSfA'>( % 0 » 

yyitX?CD^coti±.t,z^j:tf?>tzibX'$>Z>. Lip 
U WLfflit(Dmmb&<,zh?> i Jx?Z(r)l><nX'te% 
< . WSBftvtiSmt 1 byy^x? nWtf&S&iztWi 
4-x.hX^^-oX^tz. Zcotztb. *m«*?W;w5 

wmzt$\\x\i. *t-y*?4 vhh\^\±mL i mm<tf& 

*t$r Tff 4 fc«><W U+M b' Wfctf-Sm t % i X V » & . 
[ 0 0 0 3 ] -9" U1M !<SE»tfflVXfe3NWfE7*^«-f X<0 

£m+/p+imm<oBf$.x'$>&. mz, ±.mcoh?> : J 
A?Bfsa:mz$£TLrz>'V 3>mmi,z%tLxmt*f& 
mTmwm^m^xmmmm^mLx^v^ymm^m 

[ 0 0 0 4 ] &l vC\ £O&JRKO±fcflSriE^IR<0i! 

fl;*i»±-r*fe«>o»ai«*Rtt. rta mm 

(Rapid Thermal Annealling) ^HcJ: iXWfc&tof&L 



[0005] Zixb<D&MiM$mttM<otz#><7>&ttX- 

h&tzfo. z o±t;*Rjso^s*^o x^x immtf 
hh. zzx\ m=Hmmm»M w*-fr±.<o*K 

[0006] «fttc, HiriEo^ y ir-f k Sr^-rs^ft 

<0W3K<7M^nmz^ti*it& . 7--WI5: 2 

^y-f-f h'^^-r^^<or--;t^T- 

tbx-h&. \ i *m*m^&z.biz£ 
mKommmmzimxi* * . 

[0007] LfrL, ±K<W;iM K«E«tfflV>fc* 

tcD$mtfZL>izmmL. m&v-?&2-t*t<* 
<nw$m> y'jn v*)fis» & jip*. , Mtas^-ai^k y 

[0008] as, ^y-^tjj;t/>—hffi0Lco±# 

y a ymmnw&izm^x^szo* o &&mt y'ja 
y^jKB#^# < z t tf5nt?tix v ^ . zti 

it. mtmmzxvmwLni'V^ynmmfrbMimz 
[0009] ^mmtmm^v 3 y^ratc^ tfeiwfctt 
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iz&^X x U H««0JSM k N+/P+i£i*Jf 

gfcfrfc ?)SBi#gB£-r S U-7 £j£H; t^-r 

[0 0 10] ifc. fA^XCtotlt f(0#Slg 
O^+T'^ U r? yaic^-^y, 7 <y 5tS£#*gA-$-& 

■r v \ ckjdj; o %7cmcom.Aiz >■ u ^ y $m<&fi%— ft 

[00 11] icOiotv-U^ K«VF%-tt£5fc# 

9 -25i%7^&mizmmzixte*mimw<vw&jmw 

h h . JJMtfRfcriEttS *ut«3®*ttS- 0 2 £#M L3r 

[0 0 12]I2(7)(a) 14, h7y s JX?<mi8&WT 

S. lOlliy-h, 10 2{it-<H7*-;k 103 
(4jf§V^f&®, 104«3IH^1«»fi. 105IW^y 
waXtei^TJBJfttJfutT^^T^fW. 10 7(4 
1 0 6l4aHRfcL-C<0^U3y (y'Jay 

[0 0 1 3] H2c0(b) }4^EHl0 8feJ:l^«± 
HI 0 9*>®j££»TLfc:RJBT»S. &JHR1 0 8C 
(4. z^JV-hWiKm^bti. aAVVh^'y'jnyio 

9t{4, mtt.+?yw£<m^t>ix. &mmio8<om 

[ 0 0 1 4 ] @2<7)(c) \im&OW) <OtfMX\ isV-V- 

1M Vmi 1 0(4. UWEtfXa) tefiVYtKftfcflJfcT^ 
)V7 r xmm 1 0 5 rtfcJRi Sid fe»jRS*l« . %- 

flfcS'yiM h'Jl 1 1 OWfl'fflte***^. H20(d) (4 
(c) y'Jt-f H(0ffl^W*^)7--^$: 

--;U4. s^yiM h-S:^-ri.r--;u«};OtiaSf 
tTfcitS. cor--;w«ist<t 0. (c) X±ttzi^V 
•*rA YM \ 1 O^S^fcSK^'Jnyi 0 6kRJ6 
U JIS^m^Lfvi^y^ FIlll 3r 

fc\ frieo(c) tfc^T%-=5r^y^ hjbi i oa«£ 
l oo|g«^fcav%ffl#fcfcvvck^y-?££t 



[00 15] 

^ffML^-rv^®. *yw&xztvti&®£ o 
^^(z^FSSr* b^-rv^ t tfmbtlX ^z. -<^4 
5 k. ^yavwifc&y-^eOKHfcSr 

[0016] dco^BB{4±IS^HAtc^-C^$ti^t 
<OT*0. 4 0%-T'jf^y-^^XPig^^t^<V^ 

[0017] 

nyi^ffit, mi<ommzm\ -eotit-Mi 

[ooi8] -t^h-h. z<7)$tmx\i, mkztik.i'V 
ym<mm wmztix v ^s?^JKk awr^^ai- s 

B84M8R* •& v ^«MWM-4 . y'J3 yS^ffiC 

^-■cva* v' y If -f d k -s . 

[00 19] i^fKHKtjttSS/yayJfkLTJi, ^ 
SftSid&S'ynygMiffc-c&i^U i^t^oS 

[0020] mi ^jDift?ajS(43 0 0—4 0 0°C##£ 
Lv^„ ^lcojp|»iaJK^3OO*CJ;0<Sv^k. y'^y 

lSS*>"4 0 0"C4 OWV^k . iii^^7 ^4>^7^ 

[0021] i<ofMBtc*j»t&Aaffikotmk ut(4. 
xwh. ^fywcvm&js&mwmfbti&tf. ~>v 
3ytmj&LXisv-*M Ht»j*r *&«-c&*tff , «p 

-|.^k* i T'#S„ 

[0022] ^fgBJKfcffSS^OM^^k LT 
(4. ^T--;U. RTA^(c4-l>T--;^W^tL 
h. m2^jn»a^(4 5 o o~9 o ox;*«#* tv^. 

[00 23] ;<o«BBte{4, ASUftWgjSSti^a. ^ 
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mtow. i <nimTn*&tsWk}im*m^x h ? yv 

2 0 O'COT^TL-Oxmi' J: < , TW&imz'&bZ> 

ti^w m^m±mm^mt lxiz. mmm. cv 

mmxmm±m<r>mjs.zmwiLx'no zt&xz s<o 
x\ ■&wm<7>wn\L*mi£tz> z t vxz z> . 
[0024] ±.mttmzm^±x\ £ t>%&m -a- u 

vmmztix^^tzwz. isv^ym<wm.*m< lx 
&m*imLxi>, Bf&zti&isWJ v^i%—t,z% 

(c-f ^-yffi^'fSAL^v^J: o izfrhti^cDmjt L\\ 
[0025] 4 *ym<vm itftAx^;^ 

y«t lt«4, **/-#^ » N at^. mm. ^mmmf 

ZnWmz&tf&A *y&Xmil E 1 4~8E 1 4/c 
m^-*'-. -f^-yaEAx^;^-(i5~l 5keV tfflij 

^tihifi. c\tit>\±mmzfctxm&mmztih . 
[0026] ±.u<d i a (c, ^o^tfett-s-f ^ y& 

Jt-Y *ymiz x xxm**. t z>mm*^ v a 
[0027] i<o«Bg-ctt, y'j3 y*<o«ffi**»ai t 
LfcttJBT) . 4 *y&A&4f\.\ tSMkbLXisV^y 

mcDm^tt'\<7)j*ymcDi%AZ±ib. wzym<r> 



*. u^'ot, -< ^ymxmmcomjjizmioKi^Km 

W*y&A-tfflmiz%&. 
[0028] 

uz^xz^wimfezti&itnx'ii*^. mi 

14, Z<D^.m^zX ^MOSMh^y ; Jx^cr>m^XM<0 

MK&zm-f, $r*s. miizmwntzMz&ti-mzmR* 
mzLx^z cox\ &-r l t ^hotvnm x 
mtx'\*%w ttz, mBMt<r>tztbizm<t>frt>y-hm 

[0029] ggtfcffl 

[0030] r xm^mmt^v^^ K-fb-rs 

y'j3 6 O^ffi tc^ -#y , 7 -y SS^t^SS*^ 
tTV^^^a. giV^ffilMi3<0»SJ±l 20 n 

3. 7o-eaw4. bf 2 axxftBrt&xtzxvimz 

itX\^. 

[0 03 1 ] *M W *-lV2<7)J&m±. H3>«K 
6 O^Mi T'X >y f-A' > y ^-^4^*5 J: IXv' U n V 6 cr> 

#8cfcJ:*U*, isV3ymR6<V$kmz£.t&^yJ-y 

ycommzxhx-xy^yvmnvi^m^zttf 

^mx\±. x <y -y BBffjW^fc: i -5 TM^: 

[0032] r^;w7 txm5 co&mmmj * y<r>m 
xizzv'nitz. mm. ffimj*>ZzsV3ymm6iz 

mx-t h t . T^JSW^J: o t ^ v a 6 cO*M 
[0033] L^t^r*^. ^Bfli^V^TJi^Ua^ 

m&.6co$m<7ymm,^mmzmm4 ^y^mx-ttfz 

ftAX*;Wf— (ilOkeV » aA-<^>* ( F-T 
fi) (43E14/cdi2) X'hh. ZCDXotZ. aAx^;^- 
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[ o o 3 4 ] 01 co(b) asai wtixmk. &m&8<m 

0W % 3lfil*!OE;>j£5mT W&bLtl. X^-yfftcr, 

=svavmsL6<r>ig& (minm^m.) ti. 3 5o-c 

fc Lfc. =flr*J. SR 1 <DMfcia£#3 0 orJiTTCfcL x 
flK&i. ^i<7>Jn^igjg* s 4 0 0x:ia±-c(i, 

[00351 01 *><c) tt&JKK8(^j£»TSL S'U 

fc. x;t>y?MW<Dnjl$:2kW , SUtp«j<^K]* 1 0 
mT gJSfctfc. ^W»8<0^y^i:Kffcl»jfcJ»9<0 

x»t v y ?mwftxn , &*wmLtz 1 1 

tzfrX'bh. =3r*5. xyN'-y^gBmco^U3ya^6co 

[0036] IWfcl».ikit9£>XrC<y ^Hty U 3 Vffig 
6tf>iait* t 2 0 0'C*jB^.4i:, iWUi&jrtdR9tf>X''C-y 

tf^M-**^*** h . WEcogitcom^ x 

ASMS 8 *>*,*«* ^«fc|ai-sart(c*J^ 
T, 1 OE -83j—r-«0K2SS«H#t3tttJB'C>'U3 
>»$C 6 £ fcft L £> v U 3 6 2 0 0 

XltXTiftz, Ltf>U lfiffigJ2 0 0t^-C'Ttf5 
3t«>tc:«BlD«ai^< 3r 0 . X/t—X-y Mi<KT*-* . 

[oo37]iio(d) im-(W5itm9 (mtitemrr l 

3 . 7 fcfcL is V YM 1 0 W*ti?tiBf&Zii& . 
82<3il8fci&KU;, 5 7 0mofc. 01 0 (e)Ji± 
ie(d) ottffltt>& S ^{C58K^<OJn«««lS:ff-3fe«JB 
•C*4. aSBJScoliPSJMBlfciO. ±IBW) X'tkttzis 
V 1r A m 1 0 0*3 4> fcS'U a ymSL 6bKfctxmm 

[0038] i&MMI ttfifciifAM^N + 
JI«8fcAs£50keV , 3E15/cra 2 O^frf. 4fc. P * 
JfcliWBfBififcBF* £30keV . 2E15cm2 OZkflrXi&k LtZ 
mzlOQVCXlOtyfflcriKM T--)V^fr^tz. 
20keV s 3E14/cm 2 ^feft-C^Ua^SK^HteAsS- 
&ALfc. £<3XlItt» Si^T^/t^rX-fc-rS^ft 

mz±&-mx'foz>. 

[0039] -£cot£. HF7k»»(c i Dy'Jn ygMiSM 



n ^HJg200 At, <r <r>}mz-zti?tLMQ*xmfiix;* 

■y^tCiO^ML. RTA ^ffifflU5 7 0t, 6 0#fS 

yK=4 : l«98B8rc*Rje*>Coi:TiN fclifcfcLfc. -TO 
■tores' 'JIM h*tf)lKfftt*W50 AT»-jfc. <eof£. 
750 'CT'30#^or^-^§rRTA 5rffifflLT^?g#fflM 
■1>Tfrofc. ^'J^-f H«<7)ft»«*li§ti*«>300 AT* 
fo-oiz. 

[0040] m&ffi&zz. o >- u ir-f 

ISm. ^^S^y-^HaE^. 1.8VT\ 1.8E-8A/CB* 
(N + fcil/3.4E-7A/cm2 (P * J£|Jc«M) 

xh^tz. MzML. mmmmx^uz^wM^ 
mmmnmm-jmzmm lx ^ y w F&jmztuz 

VMt. ^WteV-fWdiLtf. 1-8VT\ 1.8E-8A/c«» 

(n + nmmm) h^x/zsesa/c^ <p + &tic®fi9) 
x*h^tz. mm^izi^o^v^ vrntfrntftztitziA 

Itz. 

[004 1] 

fo&wmmkt&cox'. y'jn >m<?>mmi,z&}-x'¥ 

X. ¥^#i£Mt=fett&«^y-?#£t£<<3:&. 

4^. A«j»^?giatfe«, ^yayjio^^-H.^ 
TS*t«!ircBKki»jhj»*»is-r* - 1 1 «t y , ^y 

[0042] isv^ymnmmzT^ivyYXitth^ 
tizxK). vmt ^ v ? xom&immz 

$ ix^. . £ tit i y . i&mm ty'Jn ycOKJC^-lc 
[0fficofS#^|liHH] 

[01]^ <0«BBtc «fc 5 ^l^a^«3t*- jfe^SQIO 
[02] «3(E«»(r: i -S. ^^Swl^S-^coHSfitfO 
[^OSJBJ] 

1 y- hm® 

2 t-f K-^t-^ 

3 m^ffi&m 

4 arHMMW 

5 T^^t^I 
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6 isV^ymWL (i/'J3^1) 

7 «v%S£ti® 

8 * 



9 KfcB&jbK 

10 s^uimkji 

1 1 flHBS&OS'yiM H® 



[HI] 



[02] 



105 



6 4 



-4 



? 8 




(a) 105 102 101 105 ^ 102 101 105 



104 



(b) 





-4-104 



106 104 1 



109 



106 




(72)%*j^ 



) 4M104 AA01 BB20 CC01 DD22 DD26 

DD37 DD79 DD82 DD84 GG09 

GG10 GG14 HH04 
5F048 AA07 AB03 AC01 BA01 BF06 

BF16 BG14 
5F140 AA10 AA24 AB01 AB03 BG08 

BJ01 BJ08 BK22 BK29 BK34 

BK38 BK39 
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